Geochemical simulations of the degradation of spent fuel waste form in the presence of groundwater at the candidate Yucca Mountain, Nevada reposi tory have been carried out to attempt to predict elemental concentrations in solution and to Identify potential radlonucHde-bearlng precipitates. Spent fuel was assumed to dissolve congruently Into a static mass of J-13 ground water at 25°C and 90°C. No Inhibitions to the precipitation and dissolution of secondary phases were assumed to exist. The elements Ac, Zr, Nb, Pd, Sm, Mo, Sb and Cm were not considered in the simulations because of a lack of thermodynamic data.
INTRODUCTION

GEOCHEMICAL SIMULATION OF WASTE DEGRADATION IN AN AQUEOUS ENVIRONMENT USING THE EQ3/6 CODE PACKAGE
Degradation of spent fuel in an aqueous environment was modeled using version 3245 of the EQ3/6 software package and version 3245R48 of the sup porting thermodynamic data bases. The foundations of the EQ3/6 codes are discussed by Wolery [31. The computer code simulates spent fuel degradation by dissolving small amounts of spent fuel into the aqueous phase. Equili brium relations in the aqueous phase are calculated and potential secondary product phases are checked for saturation. Any phases that are supersatur ated with respect to the aqueous phase are then precipitated. Similarly, any secondary phases that were precipitated earlier but are no longer in equilibrium with the new fluid composition are allowed to re-dissolve. After the system has re-equilibrated, more of the spent fuel is dissolved, and the entire process Is repeated until completion of the run. Output con sists of the sequence of solid precipitation/dissolution events and the amounts of sol Ids produced and/or destroyed during reaction, the changing composition of the aqueous phase, and related physical and chemical parameters.
Spent fuel was assumed to dissolve congruently through matrix dissolu tion. Elements were released 1n proportion to their mole frictions in the Initial waste form, taking into consideration that the EQ3/6 geochemical models do not distinguish among isotopes of a given element. Inhibitions to precipitation were not considered. Extent of reaction, or reaction progress, was evaluated as a function of the mass of dissolved spent fuel rather than absolute time because kinetic models describing rates of spent fuel dissolution are not presently availa ble. The simulations modeled the gradual titration of 100 grams of spent fuel into a kilogram of J-13 water. This does not Imply that the total mass of elements released from dissolution of spent fuel are retained in solution as dissolved species, because secondary phases precipitate and sequester released elements.
Solid solutions were assumed to obey ideal, molecular mixing laws among end-member components. Clay mineral solid solutions were represented by dioctahedral and trioctahedral smectites. Colloid formation and sequester ing of radionuclides as trace components of solid solutions or as sorbed species were not considered.
The simulations described in this paper should be considered as a first step in using geochemical modeling to simulate repository behavior. At this stage in the simulations, the absolute values of elemental concentrations and other parameters are not as Important as identifying potential controls on solution composition. Predicted solid precipitates represent the general chemical composition of potential precipitates, rather than their exact identity. Kinetic Inhibitions to the precipitation of crystalline phases could result in the formation of metastable, amorphous precipitates and other phases rather than predicted crystalline precipitates. The simula tions represent, nonetheless, a general guide to the chemistry of potential precipitates and reacted 0-13 water through time. Comparison with experi mental results and critical evaluation of the validity of simulation predic tions will be used to help guide future experimentation and thermodynamic data acquisition.
SIMULATION INPUT
The average composition of 3~M well water from the LLNL laboratory supply which was used In the simulations is given 1n Table 1 [4] . The com position of an average PWR spent fuel with a burnup of 33.000 megawatt days per metric ton of Initial heavy metal (MWd/MTIHM) at 1,000 years after dis charge given in Table 2 radioactive isotopes only *** non-rad1oactive Isotopes only products (e.g. Fe-oxyhydroxides) can sequester radionuclides by sorption processes.
Reaction between spent fuel and J-13 water was simulated at 25°C and 90"C at 1 bar pressure in a closed system. Calculations simulate spent fuel dissolution into a fixed mass of fluid that has accumulated In the waste container. Fugacltles of (Mg) and COj(g) 1n J-13 water were fixed at 10-0-? and 10-3.5 Dars to simulate equilibrium between the atmosphere and J-13 water 1n the unsaturated zone. Corrosion of the metal container was not assumed to exert control on the fugaclty of OjCg). 
REACTION OF SPENT FUEL WITH
DETERMINATION OF THE MATRIX DISSOLUTION RATE OF SPENT FUEL
In order to relate simulation results to actual processes in a reposi tory, some means must be found to determine the reaction rste of spent fuel with groundwater. At the present time, the data required to do this do not exist
In dissolution experiments conducted to date on spent fi:el (e.g. [7] ), the concentrations of most radionuclides in solution iend to reach a constant value after some period of time. This has been Interpreted as reflectirg the precipitation of secondary radionucHde-bearing phases. This does not mean that the reaction between the UO2 matrix and thi> solution has ceased, however. The constant solution concentration doss not represent an equilibrium situation between spent fuel and solution, but is rather pro bably due to the attainment of a steady state between the dissolution of ti,e UOj matrix and the precipitation ov a secondary phase.
Because steady state appears to be reached after times that are short with respect to those relevant to the repository, it is necessary to find some means oF determining the rate of dissolution at steady state. If an element or radionuclide wis present in the UO2 matrix that is not limited in concentration by saturation, one could determine the matrix dissolution rate by measuring the rate of increase of that species in solution. Of the elements present in spent fuel, the only elements that are easily measu-able and highly soluble under NNWSI project conditions are Cs, Si, I, and Tc. Unfortunately, these elements tend to be expelled from the UO2 matrix dur ing irradiation in the reactor and are, in part, present in the pelletcladding gap and on grain boundaries in spent fuel. Thus, the observed release of these elements to solution reflects both release due to matrix dissolution and release from the giip and grain boundaries.
A potential solution to this problem involves an isotope-dilution tech nique. U with an isotopic composition different from that cf spent fuel can be used to pre-dope a leaching solution prior to the start of the experiment to attain an initial uranium concentration close to that expected at steady state. The isotopic composition of the U in solution will change as soent fuel reacts with the solution. It appears that the 236(j/235u r a r j 0 wou ;d be the best ratio to monitor for this purpose. Both this ratio and the absolute concentration of II in solution can be measured easily to high pre cision on small samples by solid-source mass-spectrometry. Rj,(t) is the isotopic ratio a u/bu in the solution at time t, Rv is the isotopic ratio a u/bu in the dissolving UO2 matrix, df is the concentra tion of isotope b in the UO2 matrix (mol/g), and CJJ(t) is the concentration of isotope b in the solution at time t (mol/i). The above equation was derived assuming that no back-reaction or Isotopic exchange occurs between secondary product phases and the solution, and that any uranium dissolved from the fuel mixes instantaneously with the solution before becoming incor porated in a secondary phase. The equation is applicable to both steadystate and non-steady-state situations. Future NNWSI Project dissolution tests will incorporate this technique in an attempt to measure the reaction rate of the UO2 matrix. 
CONCLUSIONS
